Gastric cancer is the third most common cancer and the third most frequent cause of cancer mortality in Asia. It is predicted that gastric cancer will remain an important cause of death at least during the next half century because of the increasing number of new cases in an aging population. However, little has been revealed about the role of gastric microbes and their reaction to gastric cancer. In this study, we identified differences in the microbial communities between gastric cancer and normal gastric mucosa by comparing the microbiomes of tissues from the same patients. The clustering analysis results showed different bacterial communities between normal gastric mucosa and gastric cancer. A comparison of bacterial communities at the species level revealed that Helicobacter pylori was significantly reduced in cancer tissue compared to that in normal gastric mucosa in the same patient. A comparison at the genus level showed that Propionibacterium spp., Staphylococcus spp., and Corynebacterium spp. had significantly reduced populations in cancer tissue, whereas Clostridium spp. and Prevotella spp. had significantly increased populations in cancer tissue.
INTRODUCTION
The stomach was considered sterile for a long time because of the acidic environment until Helicobacter pylori was found in the 1980s (1) . Since then, H. pylori have been identified as a major causative agent of gastric adenocarcinoma (2, 3) . In addition, the presence of microorganisms besides H. pylori has been demonstrated based on culturedependent methods. New non-culturable microbes have been discovered through DNA-based approaches (4, 5) .
However, we have limited knowledge about the stomach microbiome, as these organisms are highly diverse between patients and among experimental studies (6) . Contamination of ingested microorganisms from the mouth and throat also makes study difficult (7) .
Gastric cancer is the third most common cancer and the third most frequent cause of cancer mortality in Asia (8) .
Many reports are available about the mechanism by which H. pylori induces gastric adenocarcinoma (9) , but little is known about the role of other microorganisms in stomach cancer incidence (10) . Moreover, not much is known about changes in the microbial communities including H. pylori after the occurrence of gastric cancer. Many studies have focused on changes in the microbiome due to increased gastric pH from proton-pump inhibiting drugs (11, 12) or atrophic gastritis as a result of H. pylori infection (13).
Dicksved et al. investigated gastric microbiota from 10
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Original Article patients with gastric cancer and compared them with gastric microbiota from five dyspeptic control patients who had normal gastric mucosa morphology (14) . However, because of the high diversity in the gastric microbiomes between individuals, it was difficult to assess the effect of gastric cancer on the microbiome. Therefore, in this study, we identified differences in microbial communities between gastric cancer and normal gastric mucosa by comparing them from the same patients using a culture-independent method.
MATERIALS AND METHODS
Data source
Thirty-two RNA sequencing data of gastric cancer and adjacent normal gastric mucosa from 16 patients in Korea were obtained from NCBI Sequence Read Archive with accession number SRP014574. Detailed information about the patients and samples were referenced from the publication by Yoon (15) , and described in Tables 1 and 2 . From the analysis of normal gastric mucosa in 16 patients, 11
were considered H. pylori carriers whose H. pylori bit score accounted for more than 10% of the total bit score; thus, the sequence analysis results of those 11 patients were used for further statistical testing.
Bacterial sequence detection from the raw data
The computational subtraction method was applied to detect the pathogen from sequence data (16, 17) with a modification. Raw data sequences were aligned to the hg19 human reference genome (NCBI) using TopHat (18) . A total of 62~88% of all reads was mapped to the human increased significantly in cancer tissue mucosa (Fig. 3 and 4) .
DISCUSSION
The incidence and mortality of gastric cancer continues to decrease worldwide, but it is predicted that gastric cancer will remain an important cause of death at least during the next half century because of the increasing number of new cases in an aging population (21, 22) . The role of H. pylori in gastric cancer tumorigenesis has been studied extensively.
In contrast, little has been revealed about the role and reaction of other gastric microbes in patients with gastric cancer. Information about the stomach microbiome has been accumulating continuously. The increased use of gastroendoscopy for diagnostic and therapeutic purposes and advances in high-throughput sequencing methods have enabled a considerable amount of genetic information to be obtained in a short time (1, 23) . Despite these advances, information about the gastric cancer microbiome has been insufficient until now. Therefore, in this study, we investigated the microbiome by matching non-host sequences from sequencing data of the human stomach to the bacterial reference genomes to elucidate differences in the microbiomes between normal gastric mucosa and that of gastric cancer.
The samples we used were obtained by gastrectomy with immediate harvest of specimens under an aseptic condition (15) . Thus, they were free from contamination through the biopsy channel of the throat and mouth (1).
Furthermore, we included all non-culturable bacteria for investigation because the analysis was performed based on bacterial sequences. However, the purpose of sample preparation and sequencing was not aimed at assessing the bacterial sequence. Nevertheless, several studies have demonstrated that this approach is valid to study microorganisms (16, 17, 24, 25) . Moreover, this is the first study that has considered differences in the microbiomes between gastric cancer and normal mucosa of the stomach from the same patient using a culture-independent method rather than analyzing samples obtained from different patients with gastric cancer and healthy volunteers. Thus, we provide valuable insight about changes in the gastric cancer microbiome.
We only included samples from H. pylori carriers who had the H. pylori sequence in their normal gastric mucosa to focus on the relationships between H. pylori and other microbiota in the mucosa. H. pylori was absent or was significantly reduced in cancer tissue mucosa (Fig. 2) . This result is consistent with a study showing a decrease in the H. pylori population in cancer tissue by measuring the relative abundance of terminal restriction fragments (14) .
Changes in the mucosal environment makes it difficult for H. pylori to colonize cancer tissue because gastric adenocarcinoma originates from the mucosa and becomes hypochlorhydric (26), whereas H. pylori colonizes gastric mucosa due to chemotaxis driven by pH (27, 28) .
According to the clustering results of Fig. 1A, after removing H. pylori (Fig. 1B) , the normal mucosa samples were clustered with normal mucosa samples, and gastric cancer samples were clustered with gastric cancer samples rather than normal to cancer in the same patient. Normal gastric mucosa had larger populations of Propionibacterium spp., Staphylcoccus spp., and Corynebacterium spp. than those of gastric cancer (Fig. 3) . Propionibacterium inhabiting the stomach should be highly resistant to acidic conditions (29) , but growth of Staphylococcus and Corynebacterium is suppressed in an acidic environment (30) .
Some evidence indicates that elevated gastric pH due to H. pylori-induced inflammation predisposes colonization by environmental microbiota (31) . Moreover, ammonia and bicarbonate produced by H. pylori from urea can be used as substrates by other bacteria (32) . In contrast, Clostridium and Prevotella were denser in gastric cancer mucosa than that in normal mucosa of the stomach (Fig. 4) . This result was consistent with previous reports showing that patients with gastric carcinoma harbor higher numbers of Clostridium (32) and Prevotella (14) . Clostridium increases significantly as gastric pH increases (11) , and Clostridium preferentially accumulates in tumors (33) . Furthermore, Prevotella can be affected by the presence of H. pylori because Prevotella spp. are found only in H. pylori-negative gerbils (13) . Therefore, we concluded that the changes in the mucosal layer due to gastric cancer such as increased pH are a major factor involved in the changes of the gastric cancer microbiome. 
